Abstract -This work compiles hydroacoustic recordings and catch data over Senegambia (Senegal and The Gambia) from assessment surveys on the major clupeid species to identify sources of bias in abundance estimates caused by their horizontal distribution. The latitudinal distribution of small pelagic fish is often well known, while their "across shelf" distribution on the continental shelf is less understood. The southern part of the Senegambian shelf has a wide shallow water (<10 m) area that makes up 20% (1500 NM 2 ) of the total shelf surface, while the northern part accounts for 3% (200 NM 2 ). These areas are not assessed by conventional fisheries acoustics surveys and therefore increase the uncertainty of the assessment of these species. Our findings show that this likely introduces a bias in the assessment of Sardinella maderensis, while for S. aurita no major estimation-error is caused by their horizontal distribution. The data confirm that Ethmalosa fimbriata and Ilisha africana are challenging to assess by conventional surveys, due to their mostly inshore distribution. We emphasise the usefulness of assessing S. aurita through fisheries independent hydroacoustic surveys, and propose alternative methods to survey shallow water areas to reduce biases in biomass estimates and distribution mapping.
Introduction
The marine waters off Northwest Africa are very productive because of active upwelling that takes place and supports important fish resources (Roy et al., 1992; Auger et al., 2016) . Fisheries contribute on average more than 3% of the gross domestic product of Senegal, The Gambia, Mauritania and Morocco and play an important role in food security, employment and income (Ba et al., 2016) . In Senegal, a few species of small pelagics make up the bulk of landings; these include sardinella (Sardinella aurita and S. maderensis), horse mackerel (Trachurus trecae and Caranx rhonchus), bonga shad (Ethmalosa fimbriata), chub mackerel (Scomber colias) and West African Ilisha (Ilisha africana). Of these, sardinella are the most important as the key food species for the Senegambian population (Senegal and The Gambia) (Thiaw et al., 2017) , also bonga is an important food resource in much of West and Central Africa (Jallow, 1994) , as is I. africana, which is usually smoked for local consumption (Fame et al., 2017) . Acoustic surveys are the basic tool for biomass assessment of sardinella species, horse mackerels and chub mackerel (Simmonds and MacLennan, 2005) , and provide indices of abundance used in the models to determine the state of their exploitation. They are performed by national (RV "Itaf Deme" (ID) in Senegal) or international research vessels (mainly the Norwegian RV "Dr Fridtjof Nansen" (DFN)), at sub-regional level. The continental shelf surveyed during these acoustic surveys can be divided in two separate regions north and south of Dakar respectively, based on their bathymetric characteristics. The northern shelf is narrow with the 25 m and 500 m isobaths located on average 5 NM and 20 NM distance from the coast, while in the southern shelf is wide with a large shallow water coastal region where the 25 m and 500 m isobath lie on average 20 NM and 55 NM from the coast. The main shortcomings of these surveys are their lack of continuity since 2006, and the representativeness of the stocks covered. The main aim of assessing the abundance of small pelagic fish in North West Africa was to cover the stocks of mature fish, assuming the major distribution area of our target species were covered by the surveys. In Senegambian waters, where both sardinella species occur, the shallow shelf covers a wide area between the coastline and the 10 m isobath. It is known that the distribution of some target species of these acoustic assessment surveys continue inshore of the investigated area. This applies especially to the inner shelf and the riverine systems between the Cap-Vert peninsula (Dakar) to Casamance (south Senegal). Several studies have been carried out in these systems, mainly utilising a boat with small draft, the "Diassanga" (DS), to assess the species composition and distribution of small pelagic fish Ecoutin et al., 2013; Sadio, 2015) . These shallow areas are important spawning and nursery grounds for all the clupeid species (Diouf, 1996; Ndoye et al., 2014; Tiedemann and Brehmer, 2017) and are regarded as being of high biological importance (Sloterdijk et al., 2017) . The Saloum and The Gambia River estuaries are the principal spawning areas (Panfili et al., 2004; Vidy et al., 2004) . There are two main types of estuarine/riverine system in the area; the Casamance and Saloum estuaries which are "inverse estuaries" (Albaret, 1987; Guillard and Lebourges, 1998; Simier et al., 2004) with highest salinity up-river e.g. furthest inland, away from the ocean. The Gambia estuary, on the other hand is a classic river system Guillard et al., 2004; Simier et al., 2006) , with lower salinity up-river and strong seasonality in salinity due to variations in river flow and rain. High salinities in The Gambia River are normally only recorded towards the end of the wet season and close to the sea, with a displacement upstream in the dry season Guillard et al., 2004) . The distributions of clupeids are markedly different in these estuaries with highest concentrations of fish at the mouth of the normal estuary and few or no clupeids further upstream, while in the inverse estuaries Guillard et al., 2004) , clupeids and in particular S. maderensis may be found far into the river systems at salinities up to 50 . S. maderensis is known to have high physiological adaptability to different environments (Ba et al., 2016) while S. aurita is more sensitive to environmental conditions and is found on the continental shelf in clear and salty waters often reported in waters with salinity >35 and temperatures typically below 24°C (Camarena, 1986; Fréon, 1988) . Although, during the surveys in Senegal salinities have typically been less than this (∼32) in surface waters with surface temperatures higher than this (∼28°C) with strong vertical gradients in both parameters. I. africana is mainly encountered in estuarine areas from Senegal to Angola (Whitehead, 1985) in the depth range 0-25 m, with a preferred temperature of 27°C (Sanches, 1991; Cheung et al., 2013) while E. fimbriata, occurs in inshore waters, lagoons and more than 300 km up-stream in rivers e.g. The Gambia River and has been reported to breed throughout the year in waters of highly different salinities (3.5-38), preferring temperatures around 27°C (Whitehead, 1985) . Warm, low-salinity surface waters, attributed to discharge from the rivers in the area, are generally characteristics of the Casamance and the Gambia coastal areas where occasionally the E. fimbriata are caught in trawls during regular surveys, then often together with I. africana and/or S. maderensis (Krakstad et al., 2005) .
No study has been made so far to estimate whether a significant part of the Senegambia pelagic biomass might have been missed by surveys as has been shown for other shallow and inshore areas . This study investigated the inshore distribution of four common clupeid species in Senegambia, E. fimbriata, I. africana, S. maderensis and S. aurita using acoustic NASC (nautical area scattering coefficient) data and catch data from two research vessels and literature data from estuarine surveys. The aim of this study was to investigate whether the regular surveys cover the distribution area of these species adequately or if insufficient survey coverage of the shallow shelf areas and estuarine/ riverine systems might introduce bias to the clupeid biomass assessment.
Materials and methods
Several acoustic surveys have been performed in Senegambia since 1995 within the framework of national or international projects. The general objectives of these surveys were to estimate biomass and map the distribution of the small pelagic fish resources. They took place during the cold season (February to April) or at the end of warm season (October) in the case of the ID, and mainly in October for the DFN (Tab. 1). This study also refers to, and show data from surveys performed in the rivers and estuaries to estimate the abundance of the fish species in these areas, using the shallow boat "Diassanga" Ecoutin et al., 2013; Sadio, 2015) . The ID has a smaller draught than the DFN, with an inshore operating depth limit of 10 m compared to 15-20 m for the DFN, while the DS is a small wooden catamaran canoe specially designed for shallow water operations.
During all the above surveys (ID and DFN), a common strategy that employed the same sampling protocol was adopted, with systematic parallel course tracks spaced 10 NM (nautical miles) apart, perpendicular to the depth isobaths (Fig. 1) . To cover as much as possible of the maximum distribution area of pelagic fish, the shelf was surveyed from Cap Roxo in the south to Saint-Louis in the north, and from the 10 m (ID) or 15-20 m (DFN) to 500 m isobaths. Trawling was done irregularly, either to identify echo registrations or to check 'blindly' whether fish were mixed with the plankton in the upper layers of the water column. A pelagic trawl with floats was used to capture fish close to the surface. A bottom trawl with floats or a smaller pelagic trawl was used to sample pelagic fish in shallow waters (less than 30 m). The ID and DFN carry different fishing gear, including differently sized pelagic and demersal trawls. The DS used a 200 m-long purse seine.
Two complementary analyses were performed, first using acoustic data to determine the spatial distribution of the two sardinella species, which is the main target species in the pelagic assessment surveys in Senegambia. This analysis was complemented by using catch data in relation to seabed depth to describe the presence and distribution of the four species targeted in our study.
The ID has few fishing operations (n = 187; 2003-2008) compared to the DFN (n = 1320; 1981 , which moreover has provided most regular and standardized data; thus, only fishing operations carried out by the DFN were utilised in this study. The DFN data were analysed by counting the number of trawls containing clupeids from 15 surveys over 25 years, Occurrence and catch rate (kg h À1 ) from trawl catches were used to analyse the distribution of the clupeid species in relation to bottom depth and to provide an index of catch rates (in kg per hour) per bottom depth interval. Ten meters intervals were used over the whole Senegalese continental shelf i.e. the North part (Grande Côte), the Petite Côte (including Saloum delta), The Gambia and the south (Casamance). It has been assumed that these catches, although they were not taken at random but rather targeted, provide reliable information about the presence of these species, and less robustly, their distribution and abundance in relation to seafloor depth.
During acoustic surveys, NASC (Nautical Area Scattering Coefficient) values, representing reflected sound energy from fish and plankton in the water column, were recorded using an Simrad EK500. The echosounder was connected to a drop keel mounted (DFN) or hull mounted (ID) Simrad ES38B transducer (38 kHz) used for standard biomass estimation on-board ID and DFN. See e.g. Krakstad et al. (2005) . The echosounders were sphere calibrated according to standard procedures at least once a year. See Krakstad et al. (2005 Krakstad et al. ( , 2006 for details of echosounder settings and calibration results. Recorded NASC values were scrutinized using the BEI system (DFN) or BI500 (ID). During this process NASC recordings were allocated to individual specified target groups based on a combination of visual scrutiny of the behaviour pattern as deduced from echograms and the compositions of the catches. Target groups used onboard DFN was Sardinella; S. aurita and S. maderensis, Horse mackerel; T. trecae and T. Trachurus, PEL1 (Pelagic fish type 1) I. africana and other clupeoid fish species, PEL2 (Pelagic fish type 2); other carangids than horse mackerel, Scombrids, Shyraenids and Trichiurids. These target groups have been chosen based on their acoustic characteristics and are standard groups used during DFN surveys. The resulting datasets were stored by 5 NM. ID used similar grouping but separated the two sardinella NASC in the same ratio as their contribution to the mean back-scattering strength in the length frequency samples during scrutinizing. The discriminated (ID) sardinella acoustic data were analysed for the surveys including The Gambia (2004, 2005 and 2007) , and distinct bathymetric fish-density distributions were calculated according to their NASC values, averaged over 1 NM intervals, excluding values recorded between transects (latitudinal inter-transects), plotted against seafloor depths and mapped. From the DFN NASC data analyses, the distribution of pooled Sardinella sp. in relation to seabed depth were analysed for the last two surveys (2005 and 2006) of the time series which were re analysed by deleting all inter-transects parallel to the coastline. All the acoustic data used (ID and DFN) are from surveys of the same season (November).
From the literature, we added data obtained by the Diassanga (DS), which partially covered the Saloum delta (Guillard and Lebourges, 1998; Sow and Guillard, 2010; Sadio, 2015) . During these DS research cruises, fish samples were taken with a 200 m purse seine (12 surveys: n = 132 purse seine operations, split into 60 operations in Bamboung and 72 operations in Sangako). We used these earlier efforts to list the main Saloum species. The NASC fish distribution, analysed through BI500 (Knudsen, 1990) and LSSS (Korneliussen et al., 2006) software, are mapped using Surfer ® 8 (Golden Software, LLC) and the surface covered by the acoustic sampling scheme are estimated using Survey Mapper software (Pers. Comm. Marek Ortrowski (IMR) 2004) starting from the coastline to 10 m bottom depth for the shallow area and to 500 m depth for the whole continental shelf.
Results

Distribution of Clupeids in relation to seafloor depth
Approximately 5300 NM 2 was surveyed annually between Cap Roxo (Casamance) and the Cap-Vert peninsula (Dakar) by both vessels, plus 1140 NM 2 between the Cap-Vert peninsula and Saint-Louis (Grande Côte) by the DFN. Between the coastline and offshore waters deeper than 10 m, we estimated an area of approximately 1500 NM 2 along the Petite Côte, where no previous abundance survey had been performed (for the ID) and 200 NM 2 for the Grande Côte, representing 20% and 3% of the total surface area, respectively (Fig. 1a) . A total of 1320 trawl hauls were carried out by DFN in the study area, of these 496 stations contained the four clupeid species targeted in this study.
The DS catch data covering the Saloum delta confirm that S. maderensis, E. fimbriata and I. africana were distributed all the way into the delta far inshore of the area surveyed by the DFN or ID (Fig. 1b) . A total of 60 fish species were registered in the Saloum delta where S. aurita is virtually absent from the DS catches, although a few individuals were recorded in Sangako (Tab. 2). S. maderensis was the second most frequent species in the Saloum (12% of the total) after E. fimbriata (79%).
The maps of sardinella distribution separated (ID) based on recorded NASC values show the spatial distribution of this species (Fig. 2) . The maps indicate that the main concentration of S. aurita is found on the central part of the shelf off the Gambia and Saloum River, with only few registrations in the southern part of the Casamance shelf and with densities declining towards the inshore part of the survey area. The main distribution of S. maderensis is further inshore and southwards than that of S. aurita with main concentrations on the Casamance shelf and the Gambia. The distribution map also indicates that relatively high concentrations were extending southwards into Guinea Bissau. From the DFN acoustic data, the average NASC recorded increased towards shallower waters and some annual variability in the distribution of sardinella was noted (Fig.  3a, DFN) . Sardinella were distributed with higher NASC values further inshore in 2005. That year in particular there were no signs of biomass decreasing towards the inshore limit of the survey area i.e. less than 20 m bottom depth for the DFN.
The data from the ID covering shallower depths [10-19 m] and discriminating the two Sardinella species, showed that their NASC distributions were different (Fig. 3a, ID) . The abundance of S. aurita generally dropped towards 0 at around 10 m bottom depth and was at its greatest at a seafloor depth range of 35-49 m. However, the ID data also suggest that the abundance of S. maderensis continued to increase towards the 10 m isobath. Higher NASC offshore (Fig. 3a, DFN) , at bottom depths of 50-120 m, are mainly due to S. aurita, verified with catch data (Fig. 4) . No sardinella were recorded in either dataset (DFN and ID) beyond the 120 m isobath.
The map of occurrence, which also shows the positions of trawl catches of the four clupeid species by the DFN (1981 DFN ( -2006 (Fig. 1b) together with the histogram of distribution of catch rates relative to seafloor depth for the four species (Fig.  3b) , shows their spatial distribution. These maps show the offshore distribution boundaries of I. africana (approx. 60 m bottom depth) and E. fimbriata (approx. 20 m). E. fimbriata was only found off The Gambia (Fig. 1b) , while I. africana was also distributed further south and is abundant in the Casamance area. Neither E. fimbriata nor I. africana were identified by the DFN surveys between the Saloum River and Cap Vert peninsula.
The average catch rates of both sardinella species fell in shallow waters. S. aurita declined rapidly from a modal peak at 45 m while S. maderensis displayed a slower decline from a less pronounced modal peak around 30 m (Fig. 3b) . Catch rates also fell to 0 in the offshore direction, with S. maderensis encountered in areas with bottom depths of less than 80 m on the shelf, while scattered catches were also made off the shelf. S. aurita has a more pronounced offshore distribution, with catches averaging 100 kg h À1 to 100 m bottom depth (Fig. 3b ) and scattered catches in areas beyond this isobath. On the Casamance shelf, I. africana is well distributed (Fig. 1b) . The map also shows that the distribution of I. africana extended southwards into Guinea Bissau and that the species is also found off the Saloum delta. E. fimbriata was only found within 20 m isobath in the DFN catches i.e. in the shallowest catches of the DFN.
From the relative proportions of S. aurita and S. maderensis in the DFN catches, the proportion of S. aurita, by weight approached 0 per cent at around 15 m bottom depth. Although some individual fish appeared in around 25% of the trawl hauls (Fig. 4) . The proportion of S. maderensis likewise fell further offshore at around 60 m bottom depth, although there were some individuals in hauls at greater depths.
Discussion
Our analyses show that data from the three research vessels do not offer a complete overview of the distribution of the four main clupeids over the Senegambia continental shelf. Acoustic and catch data were used as ground-truthing information in this study, and each of them may have some limitations. The DFN acoustic database is large, but is limited by lack of separate NASC data for each of the four species. However, the ID acoustic data covering the whole Senegambian shelf over three surveys significantly contribute to fill this gap and provide reliable information of the specific distribution of the two sardinella lack. Catch data provide less accurate information about distribution but are reliable as regards presence of the species. The vast DFN catch database provided a valuable input in this regard. Only catch data from the research vessels which covered the area were used in our analyses and more data from smaller (commercial) fishing vessels operating on the inner part of the shelf would probably have strengthened our results. However, data available from this small-scale fleet are heavily biased by its targeting of S. aurita, which is commercially more valuable than S. maderensis, and is probably also biased by the higher avoidance reaction of fish in shallow water to these vessels. Moreover, these data are not geo-localized and the station depths are not specified.
The case of Ethmalosa fimbriata
Registrations of E. fimbriata from the DFN surveys are few: the species is distributed in the shallow coastal waters, mainly where the seafloor depth is less than 20 m. The few registrations off The Gambia were mainly made at bottom depths of between 15 and 20 m, with only one registration deeper than 20 m (Fig. 2) . This inshore distribution extends inside the Saloum estuary (Tab. 2). The extended offshore distribution off The Gambia may be due to the flooding from The Gambia River, which provides favourable environmental conditions with among others lower salinity than the Saloum delta.
The case of llisha africana
I. africana was found towards the south of the survey area, with main concentrations on the Casamance shelf, extending toward Guinea Bissau and a horizontal distribution offshore to around 60 m bottom depth, increasing towards the shallowest seafloor depth (15-20 m) sampled by the DFN (Fig. 2) . No marked decreasing trend in the registered concentrations is observed towards the coast and these concentrations overlap roughly with the shelf areas surveyed by the DFN with minimum surface salinity, maximum temperature and relatively high species diversity (Krakstad et al., 2005; Krakstad et al., 2006) . This species is known to have a great capacity for osmoregulation and sustain a wide range of salinities such as those in the hyperhaline Saloum delta, where values can reach 36 during the dry season and drop far below seawater values during the rainy season , and with their widest distribution during periods of maximum salinity (highest marine influence) in The Gambia River, where they also spawn (Vidy et al., 2004) . We assume that I. africana was not well covered by conventional acoustic survey methods, due to what were probably high concentrations in the shallow part of the shelf (0-10 m bottom depth).
The case of sardinella
The distribution of S. aurita appears to have been covered adequately during both surveys on board DFN and ID, according to both acoustic and catch data. The acoustic data showed a typical distribution of S. aurita from 10 m down to 120 m, while the depth distribution of their captures was slightly less extensive, from 15 to 100 m bottom depth, with the highest concentrations in both analyses around the 50 m isobath, and a modal peak in catch size at around 35-45 m (Fig. 2) . In this area, S. aurita was mixed with S. maderensis in similar densities (40% to 60%, Fig. 4) . Further offshore, i.e., in layers above seafloor depths of more than 50 m, S. aurita becomes dominant with only occasional mixing with S. maderensis (Fig. 4) . The distribution of S. aurita was generally further offshore and further north than for S. maderensis (Fig. 2) . Concentrations of S. aurita decreases towards areas with minimum surface salinity and maximum surface temperature (Krakstad et al., 2005 (Krakstad et al., , 2006 . S. aurita have been reported as far inshore as the mouth of the Saloum estuary Simier et al., 2006) but recordings were few and the results of the present study indicate that it was not abundant in shallower bottom depths than those surveyed by the DFN.
The distribution of S. maderensis may not have been covered adequately by the DFN or even the ID surveys. The average NASC of the DFN allocated to sardinella increases towards the coast. Moreover, at 20 m bottom depth about 80% (Fig. 4) of the sardinella caught were S. maderensis. In all the years surveyed, there was also an increase in their density towards the coast, and there was no clear trend in the direction of a reduction in NASC towards the end of transects (Fig. 3a) . Trawl catch data somewhat contrast these observations and indicate that the main concentrations of S. maderensis were found between 15-40 m bottom depth and that catches of that species were smaller closer to the shore. The concentrations increase towards areas with minimum surface salinity and maximum surface temperature (Krakstad et al., 2005 (Krakstad et al., , 2006 , and the inner part of the distribution covered by the survey overlaps with that of I. africana. S. maderensis was particularly abundant in the Saloum estuary Sadio, 2015) and in The Gambia River (Vidy et al., 2004) (Fig. 2) . The tendency to congregate at shallow bottom depths was confirmed by the similar species abundance found in Saloum (Tab. 2).
Implications for biomass estimation of the clupeids
Neither of the estuarine species of marine origin E. fimbriata or I. africana were picked up by the DFN surveys along the Senegambia area north of Saloum delta. We assume that both species are more closely associated with inshore systems and do not move up the coast away from the rivers. Knowledge of differences in fish distribution patterns is essential for biomass estimation of pelagic fish species using acoustic methods (Simmonds and MacLennan, 2005) . It is assumed from this study that the DFN surveys cannot expect to pick up abundance trends in the populations of E. fimbriata and I. africana during the assessment surveys. In The Gambia estuary, E. fimbriata and the I. africana were the most abundant of 70 fish species inventoried, with stocks of more than 500 000 and 100 000 tonnes, respectively . They are followed at fourth place by S. maderensis with 66 000 tonnes, while S. aurita was not even listed among the 70 species inventoried. The total absence of S. aurita in this inventory might be due to its highly developed ability to avoid fishing gear (Brehmer, 2004) , but a very low abundance is very likely.
Sardinella were the target species of the DFN and ID assessment surveys. S. aurita seems to be covered adequately by the surveys and probably only small proportions within the surveyed area escape (Figs. 2-4) . However, the distribution of S. maderensis, which is a marine-estuarine species , was shown to extend well inshore of the area surveyed by DFN. The average fish density per bottom depth interval (Fig. 3a) in 2005 and 2006, also displayed differences in how far inshore sardinella were distributed, which suggests that the proportion missed may differ from year to year, as it does in the Gulf of Lion in the south of France where a similar effect has been reported by for other small pelagic fish including clupeids (i.e. Sardina pilchardus, engraulidae). There is a seasonality in the distribution of S. maderensis in the river systems discussed here, as sardinella numbers fell during the survey period (end of October) i.e. at the end of the wet season Guillard et al., 2004) , and there is a lower frequency of fish schools close to the coast. The estuaries are mainly used as nursery grounds for fry and juvenile fish, particularly by clupeids Vidy et al., 2004) ; such size classes were not included in the biomass estimates made by the DFN or ID. Obviously, in areas shallower than 10 m, the volume of water (i.e. the pelagic habitat) the fish can use decreases rapidly because of decreasing water depths towards the coast. It is therefore to be expected that abundance, or at least density per m 2 , declines towards the coast in very shallow water (0-5 m) and the shape of the declining NASC curve is likely to be sigmoid. We can assume that the reduced available depth of the habitat causes the fish to spread out over a wider horizontal area, and thereby maintaining high biomass even in shallow regions. This could partly explain the high number of observations in shallow waters and should still be investigated further as done in Mediterranean Sea using a shallow boat . Looking at the NASC recordings from ID (Fig. 3a) it seems that the abundance of S. maderensis continued to increase inside the area that cannot be surveyed by the DFN (i.e. shallower than 15 m bottom depth).
We therefore conclude that the biomass missed each year was variable, and in this area may be considerable for both E. fimbriata and I. africana. Further studies should be carried out to obtain more knowledge of the spatio-temporal distribution of S. maderensis in shallow waters, although acoustic surveys limited to a minimum depth of 15 m cannot fully cover the stock. Our estimates of this species although considerable, (averaging 450 000 tonnes in the period 2000-2006, DFN estimates) must be considered minimum estimates. The continental shelf between Casamance and Cape-Vert in many ways is a worst-case scenario for conventional small pelagic assessment surveys, because the inshore unsurveyable area comprises 20% of the total continental shelf. In this area, the DFN sardinella biomasses as yielded from the different surveys showed a relative variability in abundance as illustrated in Figure 5 . This biomass index shows the relatively low abundance of S. aurita compared with S. maderensis, and spring yielded biomass compared to autumn estimates.
The challenge of surveying shallow water areas
It is clear that abundance surveys of fish stocks in shallow water lagoons, estuaries and lakes are subject to several problems (Brehmer et al., 2011) . Traditional offshore survey vessels are inevitably too large to cover these areas , and small speedboats face human and logistical problems. Consequently, large shallow shelf areas are difficult to cover. In fact, even regular offshore surveys are already difficult to maintain in Senegambia due to financial constraints. However, small boats may still be the essential tools when focus is on the abundance and ecology of the coastal ecosystems. Complementary knowledge on fish exchange between the estuaries and the shelf could help identify both the best period to survey the offshore areas, and identify how large proportion of the stock is really missed during these offshore surveys. A recent approach developed in the last ten to fifteen years is airborne LIDAR (Light Detection and Ranging) which measures distance to a target by illuminating it with a pulsed laser light and measuring the reflected pulses. This technique is in many aspects similar to echo sounding; it has a range of around 40 m depth depending on the degree of turbidity and has no minimum depth threshold (Churnside et al., 2001) . The use of aircraft has some clear advantages over vessels in shallow water surveys, as they require a very small crew while covering large survey areas in a relatively short time span. Aircraft are therefore very cost-effective in comparison with vessels. The coast of North West Africa, and particularly the shallow water areas of the Banc D'Arguin in Mauritania and the inner shelf between Cape Vert and Casamance would be a good places to test such techniques in Africa, and in combination with ground truthing of scientific catches or video observations from speedboats, could greatly increase the available information regarding the distribution and abundance of pelagic species in these shallow waters, effectively complementing classical acoustics assessments, which provide reliable standardised time series.
